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Preface
String theory is the leading candidate for a consistent quantum theory of gravity. It has also become a central area of research in mathematical physics, with different additional applications which range from heavy ion physics to condensed matter, cosmology or mathematics. Notwithstanding this, the excitement fostered in 1984 actually came from the coexistence of chiral anomaly free gauge theories and gravity in string theory, raising the expectation of an ultimate unification of Standard Model (SM) and gravitational interactions into a consistent string quantum theory. The enthusiasm was thus motivated by particle physics phenomenological goals.
Since then much effort has been dedicated to explore the possible embedding of the SM of particle physics in string theory, a field commonly known as string phenomenology. However, although there are by now several excellent books introducing the general field of string theory, there is no systematic and detailed coverage of the large body of knowledge accumulated in string phenomenology. This lack has become particularly acute after the duality revolution of 1995, when the advent of D-branes made the string engineering of non-trivial gauge theories more flexible, thus providing new avenues to realize the SM in string theory.
Consequently, and due to the seemingly imposing complexity of string theory, this field has not permeated much to many particle physics phenomenologists and model builders, who feel reluctant to struggle with a jungle of papers and reviews to extract the phenomenological aspects of string theory.
The main purpose of this book is to provide an elementary introduction to string theory, and to string phenomenology, in a systematic and self-contained way. It should be useful to particle phenomenologists and model builders, both senior and fresh. It will also be useful to string theorists interested in learning how (and how far) string theory may reproduce the observed SM physics.
The book has six chapters with introductory material. The first presents a brief summary of the SM structure, its puzzles, and several of its extensions, including Grand Unified Theories and extra dimensions. The second introduces the basic aspects of supersymmetry and its application to particle physics models, most notably the Minimal Supersymmetric Standard Model (MSSM). These first two chapters serve to fix the notation and introduce concepts, appearing later when building string theory models of particle physics. Chapters 3 to 6 constitute an introduction to the basics of string theory including the bosonic string (Chapter 3), and the heterotic, type II and type I superstrings (Chapter 4). The simplest toroidal compactification to four dimensions is described in Chapter 5, which also provides a first glimpse of D-branes. Chapter 6 describes D-branes and their role in string theory, as well as the different non-perturbative dualities in the theory. Our presentation in these chapters aims at getting the main physical results in the most comfortable way for the non-initiated, avoiding the machinery of conformal field theory (partly covered in an appendix). These four chapters are self-contained and constitute by themselves an introductory course on string theory, useful also to graduate students searching for a first contact with the formalism of string theory. String theorists acquainted with this material may safely jump over to Chapter 7.
Chapters 7 to 12 give a relatively detailed description of string compactifications giving rise to chiral theories in four dimensions, with emphasis on those with N = 1 supersymmetry and a particle content close to the SM. They include different heterotic constructions, in Chapters 7 and 8, whose low-energy effective action is covered in Chapter 9, as well as type II orientifolds (and M-and F-theory related constructions), in Chapters 10 and 11, with their effective action discussed in Chapter 12. Detailed explicit examples of MSSMlike models are presented for the different compactification methods. The purpose is to enable the reader to obtain the massless spectrum and effective lagrangian of these string constructions, so as to grasp their contact to SM physics.
Chapters 13 and 14 introduce additional ingredients, most notably string instantons and closed string fluxes. Those ingredients give rise to extra contributions to the effective action relevant for aspects like Yukawa couplings, neutrino masses and moduli stabilization. Chapter 15 continues the study of moduli fixing and its interplay with supersymmetry breaking, reaching up to the generation of low-energy supersymmetry breaking masses in MSSM-like models. Further phenomenological issues are discussed in Chapter 16, and Chapter 17 contains a general discussion of the space of string vacua, in particular those resembling the SM or MSSM.
The optimum use of this book requires basic background of quantum field theory, group theory, and elementary notions of the SM of particle physics and general relativity. We have attempted to reduce the mathematics to a minimum, and to introduce the necessary definitions where required (including an appendix with the main geometrical and topological concepts used in the text).
We mark with an asterisk * those sections or subsections containing relevant material which may be skipped in a first reading of the book. Concerning the references, we have preferred not to insert citations in the main text and give a Bibliography for each chapter at the end of the book. These include some references to original literature, but mostly to reviews useful to the reader interested in further details. The list of references is (admittedly and necessarily) very incomplete and we apologize to many of our colleagues
